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Impacts of spatial aggregation of nests
on population productivity
through four different stock-recruitment models
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Introduction
Atlantic salmon (Salmo salar) dig nests in the riverbed to spawn
in sites with specific characteristics, resulting in nest aggrega-
tion. This aggregation may exacerbate density-dependent mortal-
ity acting on eggs and Young Of the Year (YOY), and the effect
of habitat quality and habitat variability.

Short durationof seasonHigh selectivityof sites Multiple events

Aggregationof reddsHigh number ofeggs per redd

Aggregation
of eggs & yoy Mortality

Stock of eggs

Recruitment of yoy

i. Spatial aggregation should diminish population recruit-
ment
ii. Aggregation of nests in best sites should diminish recruit-
ment variability by dampening environmental stochastic-
ity?

Two hypotheses:

Methods
• Over a 31 years study period on the Nivelle population
• Data:
I Females caught at fish pass→ Egg density
I Summer electrofishing→ YOY density
I Weekly visual survey→ nest distribution

• nest aggregation: Patchiness = mean crowding
mean density =

∗
m
m (Lloyd, 1967)

Mean crowding = "Mean number of neighbors per individual in the same patch"

⇒ Implement aggregation effect in stock-recruitment models:

Egg density: E∗

yoy density: Y ∗

Stock-Recruitment
models
Beverton-Holt
Cushing
Ricker
Shepherd

"Null model"

"Models with ag-
gregation: P"

Effect on mean: q

Effect on variability: η

Both effects: q & ηModels with aggregation:
µi = f (E∗i )× Pq

τ = δ × Pη

Y ∗i ∼ LogN
(

log (µi) ,
1
τ

)

Results
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Figure: Plot of estimated recruitment by the four different models
with an effect of aggregation. Small points correspond to observed
data, and big ones to estimates with the highest posterior density

interval.
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Figure: Plot of recruitment in function of aggregation for the best model. Squares are
observed data and points are estimates with the HPD interval.

Aggregation

Population
recruitmentX

- Recruitment
variability

I Best model: Beverton-Holt

I Shepherd model which is versatile→
Beverton-Holt

I Four models are relatively closed to
each other

I Low observed stock = already at
carrying capacity

X Implement aggregation in four 6=
models of stock-recruitment

Discussion
• No effect of aggregation on

the average recruitment

• Aggregation of nest decreased
recruitment variability

⇒ Aggregation in the best
spawning sites dampened

environmental stochasticity

Habitat
selection

Aggregation

↗ Density

Best
spawning

sites

↗ Density-
dependent
mortality

Best quality

Lowest
variability

↘ Survival

↗ Survival

Balancing
effects

No negative effect
on recruitment
↘ recruitment variability
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